2020) Cross-sectional study on the prevalence of contagious pathogens in bulk tank milk and their effects on somatic cell counts and milk yieldABSTRACT Data on the prevalence of major contagious pathogens in bulk tank milk (BTM) in Italy are generally not available. The availability of Real-Time PCR procedures (qPCR) to perform BTM analysis by represents an important step to define herd health status. Therefore, a cross-sectional epidemiological study was designed to assess the prevalence of contagious pathogens and Prototheca spp in BTM samples. The study was performed on 581 herds from four districts in the west Lombardy region of Italy. Additionally, the relationship between pathogens in BTM and SCC or milk yield; the presence of an association between four risk factors (district, herd size, average milk yield and SCC) with pathogens in BTM were assessed. The overall data showed that S. aureus was recovered in 42% of the herds, Str. agalactiae in 10%, Prototheca spp in 11% and M. bovis in 1.5% of the herds. The GLM model applied showed a significant influence of BTM results, district, herd size and their interactions on SCC and on milk yield variance. Particularly, S. aureus or Str. agalactiae have a significant effect on milk yield variability and, in a lesser extent, on SCC. The very high prevalence of contagious pathogens significantly affects milk characteristics and yield, thus affecting economic sustainability of the herds, and suggests the need to implement control programmes to decrease the prevalence of contagious pathogens, This will also allow to decrease the use of antimicrobials and to improve cow welfare.
Introduction
The need to know the health status of dairy herds is essential to increase herd efficiency and sustainability (Pulina et al. 2017 ). Among the diseases affecting dairy cows, mastitis is still the most important one significantly affecting the profits of dairy farmers (Summer et al. 2015; Goncalves et al. 2018; Heikkil€ a et al. 2018 ). Furthermore, this aspect is important when protocols based on a prudent use of antibiotics should be applied on such as selective dry cow therapy (Trevisi et al. 2014; Zecconi, Sesana, et al. 2018) . Indeed, the presence of contagious bacteria (Mycoplasma bovis, Staphylococcus aureus, Streptococcus agalactiae) requires a larger use of antimicrobials in affected herds, compared to contagious-free herds (Zecconi et al. 2004; Zecconi 2007) .
Despite the large importance of dairy production in Italy, data on the major contagious pathogens prevalence in bulk tank milk is not available either at national or regional level, except for Str. agalactiae data in few regions. Whereas, these data are available for other countries or regions (Piepers et al. 2007; Riekerink et al. 2008; Katholm et al. 2012) .
Bulk tank milk (BTM) sampling is considered the procedure with the best cost/benefit ratio to assess the presence of contagious pathogens in a herd, being simple to perform and representative of the whole herd milk production (Jayarao and Wolfgang 2003) . However, it has two major critical points: it is affected by the dilution factor, the chances to have a positive result are influenced by the number of infected cows and by their level of milk production; there are relatively high chances of contamination both during milking procedures and sampling. Indeed, the recovery of pathogens with reservoirs outside mammary gland in BTM (i.e. environmental pathogens) cannot be considered as a sure sign of the presence of infected cows, because it can be mainly due to environmental contamination. The level of BTM contaminations could also impair the accuracy of conventional microbiological analysis (Jayarao and Wolfgang 2003) . For these reasons, BTM sampling should be restricted to the diagnosis of contagious pathogens, having their reservoir in the udder, and a positive result means the presence of at least one positive cow in the herd. Unfortunately, a negative result will not assure that the herd is free from contagious pathogens, even if it is unlikely, due to the dilution problem previously described.
The availability of molecular methods to perform microbiological analysis of BTM by the development of Real-Time PCR procedures (qPCR) represents an important positive step in applying BTM sampling to detect the presence of contagious pathogens. These procedures are targeting specific bacteria, therefore, the effects of contamination can be minimised, since bacteria species other than the ones considered in the specific analysis will be not amplified. The sample can be frozen, or a preserving agent can be added, thus facilitating the delivery and storage of the samples. Furthermore, these techniques are semi-quantitative, therefore it can be estimated the bacteria count for a specific pathogen (see Supplementary Table S1 ). The qPCR is a tool largely applied in Nordic countries (Koskinen et al. 2010; Katholm et al. 2012) , but there aren't any epidemiological study applying this technique on BTM reported for Italy at a regional or national level. This technique allows to identify three well-known contagious pathogens (Str. agalactiae, S. aureus and M. bovis) and an environmental one (Prototheca spp), an algae characterised by a large diffusion and high cell count, once an outbreak is established (Pieper et al. 2012) .
The availability of qPCR technology allowed to plan a cross-sectional epidemiological study having the aims to measure the prevalence of contagious pathogens and Prototheca spp in BTM samples in Lombardy; to assess the relationship between pathogens in BTM and SCC or milk yield; to identify the presence of an association between four risk factors (district, herd size, average milk yield and SCC) with pathogens in BTM. The relationship between bacteria load in BTM and qPCR results were also investigated to gain useful information for the application of this technique in practice.
Material and methods

Study herds
Bulk tank milk (BTM) samples were collected in all the 581 dairy farms associated to Regional Breeders Association (ARAL) and performing monthly milk tests, within four districts of ARAL in the western area of Lombardy region. The four districts include Como and Lecco provinces (district 1), Milano and Lodi provinces (district 2), Pavia province (district 3) and Varese province (district 4). The four districts include all the three main geographical areas of the region (alpine, subalpine and Po valley).
ARAL provided also a database with the following information: herd size, herd location, yearly individual average milk yield and yearly individual average SCC of milk test records.
Sampling
Three BTM samples were collected per dairy farm over a period 4 months, from September 2016 to January 2017. For each dairy farm, the samples were collected three times within a 10 days period by ARAL technical service personnel. Samples were taken from the top of the tank using a clean, sanitised dipper after the milk was agitated for 5-10 min as suggested (Hogan et al. 1999) . The samples were immediately frozen at À20 C, delivered in a refrigerated truck within 4 h to ARAL laboratories and maintained at À20 C until processed.
Molecular analysis
Bulk tank milk samples were analysed using qPCR. This technique showed to have a sensitivity of Se and Sp of qPCR respectively !0.95 and !0.99 for the contagious pathogens (Paradis et al. 2012; Hiiti€ o et al. 2016; Timonen et al. 2017) .
A commercial diagnostic kit was used (Mastitis 4E kit; DNA Diagnostic A/S), following producer's instruction. This kit allows bacterial DNA extraction, identification and quantification of S. aureus, Str. agalactiae M. bovis and Prototheca spp using qPCR. The reaction conditions of qPCR were as follows: 95 C for 1 min, 40 amplification cycles at 95 C for 5 s and 60 C for 25 s. Cycle threshold (Ct) values were considered positive when the value were 37, as suggested by the manufacturer. The qPCR reactions were performed on Stratagene Mx3005P (Agilent Technologies Inc., Santa Clara, CA).
The producer of the kit supplies also an interpretative scheme correlating Ct obtained with bacteria counts as reported in Supplementary Table S1 .
Statistical analyses
Data description and Armitage-Cochrane trend test were calculated by XLSTAT 2019 1.1 (Addinsoft, Boston, USA). Data were also analysed by ANOVA by using a generalised linear model applying GLM procedure of SAS 9.4 (SAS Institute Cary NC, USA). The model was:
A binary logistic analysis was performed by Procedure Logistic of SAS 9.4 (SAS Institute Cary NC, USA) in order to identify the risk factors associated with herd health status (presence/absence of one of the four udder pathogens considered) by calculating odds ratio, an estimate of relative risk (Thrusfield 2005) . The risk factors considered were district, herd size, average milk yield (yearly average of milk records) and SCC (yearly average of milk records). The final models were described in terms of odds ratios and 95% confidence intervals.
Results
Herd characteristics
The study considered 581 dairy herds in four districts of Lombardy region, and herd size include a wide range of lactating cows (median 96.6, range 5-781). These districts represented all the different geographical areas of Lombardy (alpine, sub-alpine and Po valley). The herd characteristics considered in this study were reported in Supplementary Table S2 .
qPCR ct values interpreted as suggested by the producer (Supplementary Table 1 ) and frequency of BTM positive results suggest that a higher bacteria count (estimated by the number of Ct of the sample resulted positive, the lower the cycle the higher the bacteria count) will result in a higher number of consecutive positive samples. We analysed this aspect comparing the frequency of positive results with the estimated bacteria counts by Cohrane-Armitage test. Figure 1 showed a significant trend (p < .0001) for the increase in frequency of positive BTM as bacteria count increases for S. aureus, Str. agalactiae and Prototheca spp. The analysis for Mycoplasma bovis was not performed due to the low number of positive samples.
Pathogen prevalence among provinces
The analysis in triplicate of bulk milk samples (BTM) showed the results reported in Table 1 . In relatively few cases a combination of pathogens were diagnosed in BTM and more precisely: S. aureus and Str. agalactiae in 10 herds, Prototheca spp and S. aureus in 9 herds, Prototheca spp and Str. agalactiae in 3 herds and combinations of Str. agalactiae, S. aureus, Prototheca spp. and M. bovis or Str. agalactiae and S. aureus was found in one herd each.
The overall data showed as S. aureus was recovered in 42% of the herds with significant differences in their frequencies among the districts considered. Indeed, district 4 had a significant higher prevalence of S. aureus positive herds, when compared with all the other districts. Differences among district's prevalence for all the other pathogens were not statistically significant, with the single exception for Prototheca spp.
Factors affecting milk production and SCC variability
The GLM model applied showed as both SCC and milk yield variability were significantly influenced by the factors considered, even if R 2 values were largely different (Table 2) . Indeed, R 2 for SCC has a value of 15%, while it is 40% for milk yield. The influence of district on SCC was the only factor resulted as not significant in the statistical analyses. BTM results, alone or combined with the other factors (district, herd size), were always statistically significant.
The analyses of the results for each single factor (Table 3) showed that district 4 had the highest SCC mean values among the four districts considered (differences significant at a ¼ 0.05). The same effect was observed for the two smaller herd size classes when compared with the other classes. Herd with BTM positive for Str. agalactiae showed the highest SCC values, when compared with the other bacteria.
Milk yield showed to be statistically higher in districts 2-4 when compared to all the other districts, while district 1 showed lowest values (differences significant at a ¼ 0.05). Smaller herds, as expected, were significantly associated to the lowest production levels, and average milk yield increases as herd sizes increases. As expected, the lowest mean productions were observed in S. aureus and Str. agalactiae positive herds, while in all the other classes the differences were not statistically significant.
The interaction between BTM results and herd size was furthermore analysed (Table 4 ). The analysis of the influence of this interaction showed as lowest SCC values were always observed for herds with negative BTM for all herd sizes, out of smaller ones. On the other side, the higher SCC values were always observed in contagious pathogen (Str. agalactiae, S. aureus) positive herds. When milk yield was considered, the differences between Str. agalactiae and S. aureus positive BTM herds and negative ones were significantly different in three out of five hers size classes (1-45, 81-120, >180).
Risk factors analysis
The analysis of the association between four factors (district, herd size, average milk yield and SCC) and the presence of the four udder pathogens considered were performed by binary logistic regression analysis, and it gave interesting results (Table 5) .
When M. bovis was considered, SCC showed a consistent significant negative association with positive BTM in all SCC classes considered, out of >500,000 cells/ml class. In other words, BTM with an average SCC counts >200,000 cells/ml have a significant lower risk to be M. bovis positive when compared with BTM with SCC 200,000 cells/ml.
Herd size showed to be consistently and significantly associated to the presence of BTM positive for Str. agalactiae, Prototheca spp and M. bovis. Indeed, odds ratios for all herd size classes were significantly and positively associated with positive BTM when compared with reference herd size (<45 cows). Interestingly, herd size was not associated to S. aureus positive BTM, with the exception of herds in 81-120 class.
The analysis of the association between average milk yield and positive BTM gave opposite results. Only in the case of S. aureus a production <34 kg/d showed to be consistently and significantly associated to an increased risk of infection. These risks decrease as milk production increases, still staying significant.
Finally, when compared with district 1, all the other districts showed a higher risk for a positive BTM when Str. agalactiae, Prototheca spp and M. bovis were considered. Only for S. aureus the results were not consistent with a significant negative association for district 3 and a significant positive association for district 4.
Discussion
In our knowledge this is the first study performed in Italian dairy herds, either at regional or national levels, to estimate contemporarily the prevalence of three contagious pathogens (Str. agalactiae, S. aureus and M. bovis) and an environmental one (Prototheca spp). The study was made possible for the availability of the qPCR technology, which allows to analyse BTM samples targeting specific bacteria and the capability of Regional Breeder Association (ARAL) to collect and deliver BTM samples from herds across a very large territory.
There are some limitation to consider and they are related to the sampling that involved only the registered dairy herds (64.5% of the dairy herds in the same area), and that the district considered did not cover the entire Region. Despite these limitations, the number of herds sampled and their geographical distribution can be considered a good estimate of the situation at regional level.
The diagnostic tool applied confirmed to be a feasible approach to assess the prevalence of pathogens in BTM in our Region as shown in studies performed in other Countries (Francoz et al. 2012; Katholm et al. 2012) .
The data confirmed also that bacteria count (estimated by Ct values) is positively correlated to frequency of BTM positive results (Francoz et al. 2012) . Therefore, herds with a high prevalence of contagious mastitis or Prototheca spp have a higher likelihood to be identified by qPCR even with a single sampling.
The results of this epidemiological study showed as contagious pathogens have been detected in more than 50% of the herds considered. This number is much larger than expected. Indeed, a previous investigation performed in 2002 with conventional bacteriological methods showed a prevalence of about 31%, even though Mycoplasma were not considered in this study . The presence of this very high prevalence of contagious pathogens is of high concern because their effects are associated to a decrease in milk yield and quality. Moreover, these infections require very often the use of antimicrobials, particularly at drying-off Zecconi 2007) . Therefore, herds with contagious pathogens need to maintain blanket dry-cow therapy to control the infections, thus impairing the collective efforts to reduce the use of antimicrobials and the application of selective dry-cow therapy. This study reports, for the first time, the prevalence of M. bovis in BTM from a large sample of Italian dairy herds. The prevalence observed is low, when compared to values observed in other countries (Lysnyansky et al. 2016; Timonen et al. 2017 ), but not negligible, and this suggests the importance to investigate furthermore the epidemiology of these bacteria in Italian dairy herds. As observed in previous studies Mycoplasma infections are associated to large herds (Fox 2012) .
The frequency of Prototheca spp. is comparable to Str. agalactiae. However Prototheca spp. have their reservoir in animal gut and in the environment and their presence in BTM may be related to a contamination during milking. Therefore, the recovery of Prototheca spp. in BTM should be considered with caution.
The prevalence of BTM positive samples within districts showed to be statistically different in most of the cases when S. aureus was considered, and in few cases for the other pathogens, confirming that the epidemiology of S. aureus is different from the other contagious bacteria and involves both internal (virulence) and external factors Zucali et al. 2009; Mazzilli et al. 2015; Zecconi et al. 2019) .
As expected, the presence of contagious pathogens or Prototheca spp has a significant effect on milk yield variability and, in a lesser extent, on SCC (Gallo et al. 2002) . Indeed, a significant influence of BTM status and its interactions with district and herd size on SCC and milk yield variance was observed. A depth analysis of these effects is beyond the aims of this paper. However, previous studies showed different bacteria affect differently both SCC and milk yield (Heikkil€ a et al. 2018) as well as herd size and management affect bacteria prevalence (Halasa et al. 2007) .
When milk yield is considered in relation to the pathogen recovered in BTM some differences can be observed. Indeed, the highest mean differences in milk yield were observed in Str. agalactiae positive smaller herds, when compared with BTM negative ones. S. aureus showed a similar pattern with a smaller difference in comparison with negative herds, while M. bovis did not showed to have any influence on milk yield or SCC. This data confirm the negative influence of S. aureus or Str. agalactiae on milk production impairing economic sustainability of dairy herds.
The different epidemiological patterns and the effects of the pathogens on the variability of SCC and milk yield suggested to investigate the risks associated to the herd characteristics and to BTM results to identify and prioritise herd risks.
This analysis confirmed previous considerations. Indeed, district was always associated to an increased risk for a positive BTM for all the four pathogens considered. Only in the case of district 3, a significant preventive effect was observed, when compared to reference district (1). Herd size showed very high risks associated to all the pathogens out of S. aureus. However, this bacteria is the only one consistently associated to the lower level of production when compared with milk yield >34 kg/d. SCC showed to have a very poor predictive value for all the pathogens considered, out of M. bovis. Indeed, in this latter case odds ratio were significantly <1 and, therefore, suggest a protective effect. This result can be explained by the presence of M. bovis only in BTM of large herds. In these herds, a relative low frequency of infected cows can be expected, otherwise clinical cases should be observed. Therefore, we hypothesise that the negative effects on SCC due to infection are compensated by high production and low SCC of healthy cows, as confirmed by the data analysing herd-size classes (Table 3) .
Overall, these data support previous observation on the need to implement new diagnostic approaches based on epidemiological assessment of herd health status (Zecconi et al. 2019 ). Furthermore, SCC confirmed to have a low accuracy at the levels currently observed in Italian dairy herds and the need to improve somatic cells accuracy by implementing new methods such as differential cell counts .
Conclusions
This paper reports for the first time the results of a large-scale epidemiological study on the prevalence of the three major contagious pathogens and Prototheca spp in Italian dairy herds. The high prevalence of BTM positive for S. aureus and, in a lesser extent for the other two contagious pathogens considered are of particular concern, being higher than expected. The results of the study for the four risk factors considered (district, herd size, milk yield and SCC) confirm that S. aureus have a different epidemiological pattern than the other pathogens considered. This information should be considered to define intervention priorities and protocols. The results of this study suggest the need to implement control programmes, aiming to decrease the prevalence of contagious pathogens to increase the sustainability of the herds and to improve milk quality and safety.
